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432Objective: Hypoplastic left heart syndrome is a major congenital heart defect and is associated with significant
morbidity and mortality. Its etiology remains unknown although genetic studies imply complex inheritance.
Anecdotal reports of cluster presentations suggest the possible involvement of an environmental component, al-
though previous epidemiologic studies have been of limited scope. The objective of this study was to examine
seasonal and temporal patterns of hypoplastic left heart syndrome births compared with other left-sided heart
defects in the United States.
Methods: We conducted a retrospective analysis of the Pediatric Health Information System inpatient database
from pediatric hospitals across the country from 1996 to 2006. Population and index case patterns were analyzed
for each diagnostic category. An epidemiologic survey was performed through time–series analyses using
Fisher’s Kappa test and the Bartlett Kolmogorov–Smirnov test. The existence and strength of seasonality for
the left-sided heart defects was quantified by the autoregression R2.
Results: A seasonal occurrence was found in hypoplastic left heart syndrome but not other left-sided heart dis-
eases. Significant seasonal differences occurred each year, with peaks in summer months and troughs in winter
months. The seasonality inversely correlated with the incidence of chromosomal and extracardiac anomalies;
such anomalies were highest in interrupted aortic arch, which had a random pattern of presentation.
Conclusions: There is a significant seasonal pattern in the presentation of hypoplastic left heart syndrome, with
preponderance in summer months, in contrast to the random pattern in other left-sided heart diseases. Further
studies are warranted to identify the influence of potential environmental factor(s) in hypoplastic left heart syn-
drome, as seen in diseases with seasonal patterns. (J Thorac Cardiovasc Surg 2011;141:432-8)‘‘They come in spurts, don’t they?’’ is a comment often
heard in response to news of another admission of an infant
with hypoplastic left heart syndrome (HLHS) to the inten-
sive care unit. This statement reflects the sense that affected
infants and those with related defects (eg, Shone anomaly)
frequently appear to present in clusters. Such anecdotal ex-
perience, however, has not previously been studied objec-
tively. The etiology of HLHS and related diseases,
collectively herein referred to as left-sided congenital heart
defects, remains unknown. They account for only about
14% of congenital heart defects but represent a substantially
greater burden of morbidity and mortality because of their
effect on the primary structures involved in supporting the
circulation. These defects comprise a spectrum of congenital
cardiac anomalies with HLHS carrying the highest mortal-
ity,1 although outcomes are improving.2 A variety of causa-
tive factors has been implicated, including abnormale Division of Cardiothoracic Surgery,a Cincinnati Children’s Hospital,b
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res: Authors have nothing to disclose with regard to commercial support.
d for publication Jan 21, 2010; revisions received April 8, 2010; accepted for
ation June 29, 2010; available ahead of print Sept 3, 2010.
for reprints: Pirooz Eghtesady MD, PhD, Division of Cardiothoracic Surgery,
nnati Children’s Medical Center, 3333 Burnet Ave, Cincinnati, Ohio 45229-
(E-mail: Pirooz.Eghtesady@cchmc.org).
23/$36.00
ht  2011 by The American Association for Thoracic Surgery
016/j.jtcvs.2010.06.060
The Journal of Thoracic and Cardiovascular Surgintrauterine blood flow patterns, hereditary factors, intrauter-
ine infection, and myocarditis or immunologic injury.3-6
Genetic studies7,8 show that the incidence of HLHS does
not follow simple mendelian genetics but exhibits
‘‘complex inheritance’’ with contributions from both
genetic and other undefined factors.
To better elucidate potential etiologic mechanisms, inves-
tigators have examined the influence of maternal factors,9,10
race,4,11 ethnicity,12 environmental exposure,10,11 and
gender4,11 on the epidemiology of HLHS and left-sided con-
genital heart diseases. Many of these studies were performed
at a time when palliative reconstruction was not favorable, re-
sulting in limited sample sizes9,13Alongwith improvements in
prenatal diagnosis, higher survivals after surgical palliation
have resulted in greater referral of affected infants to major
tertiary centers. The purpose of this study was to examine the
epidemiologic distribution of left-sided congenital heart dis-
eases in amulti-institutional database, with particular emphasis
on HLHS.METHODS
Source of Data
Patients with HLHS and 3 other left-sided congenital heart defects, de-
fined below, were identified through the Pediatric Health Information Sys-
tem (PHIS), an administrative inpatient database developed by the Child
Health Corporation of America (Shawnee Mission, Kan) from not-for-
profit, freestanding pediatric hospitals across the United States. Data derivedery c February 2011
Abbreviations and Acronyms
AS ¼ aortic stenosis
CoA ¼ coarctation of the aorta
HLHS ¼ hypoplastic left heart syndrome
IAA ¼ interruption of the aortic arch
ICD-9 ¼ International Classification of Disease–
ninth revision
PHIS ¼ Pediatric Health Information System
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1996 to 2006 were used for analysis. For external benchmarking, participat-
ing hospitals provide quarterly data that undergo rigorous quality and reli-
ability assessment. Standardized data on demographics, diagnoses,
procedures, interventions, and outcomes for patients discharged were ex-
tracted. Incidence rates from the Centers for Disease Control National Vital
Statistics (1996–2006) were used to obtain monthly live births. The Institu-
tional Review Board at Cincinnati Children’s Hospital Medical Center
approved this study.
Case Selection
Inclusion criteria required subjects to have at least one International
Classification of Disease–ninth revision (ICD-9) discharge diagnosis code
(Table 1). Patients were classified into 1 of 4 diagnosis groups: coarctation
of the aorta (CoA), congenital stenosis of the aortic valve (AS), HLHS, and
interruption of the aortic arch (IAA). These patients had no other associated
left-sided congenital heart diseases. All entries were audited, blinded to
birth-date data to ensure that there was no miscoding for the neonates (eg,
a CoA being identified as congenital AS on a subsequent admission). Inas-
much as patients may change institutions after diagnosis, patients older than
10 days of age at admission or less than 10 days at discharge were excluded
to avoid double-counting of patients.14 Potentially, we may be underesti-
mating the incidence of congenital AS or CoA, inasmuch as those patients
with less severe disease, perhaps not requiring intervention in the neonatal
period, are less likely to be treated at a tertiary care center compared with
HLHS. These numbers would not, however, affect our analysis to determine
the possibility of a seasonality pattern of presentation. To address the pre-
ceding and to assess for sensitivity analysis, we compared data from babies
at 6 months or younger for CoA, congenital AS, and HLHS.
The incidence of multiple congenital anomalies, widely known to be as-
sociated with genetic aberrations, was extracted using ICD-9 codes (Table
1) not only to allow characterization of populations but also to enable deter-
minations of differences across populations.
Data Analysis
Owing to their nonnormal distributions, continuous demographics are
presented using medians and interquartile ranges (25th percentile, 75th per-
centile). These demographics were compared across the 4 abnormality cat-
egories using the Wilcoxon rank sum tests. Categorical demographics are
presented with frequencies and percents, and comparisons across the abnor-
malities are made with c2 tests.
To test for seasonality, we used time–series analyses for the rates of each
abnormality per 100,000 births. First, tests for stationarity (ie, an increasing
or decreasing trend) of each series were performed using the Dickey–Fuller
unit root test and differencing of series was performed when necessary. Sec-
ond, to detect whether seasonality existed for each of the diagnostic cate-
gories, we used Fisher’s Kappa and the Bartlett Kolmogorov–Smirnov
tests. Although these tests indicate the presence of a seasonal trend, they
do not provide a measure for the strength or magnitude of the seasonality,
for which we determined the autoregressive coefficient of R2Autoreg.
15 TheThe Journal of Thoracic and Castrength of the seasonality was classified as follows: (1) nonexistent or
weak: 0  R2Autoreg< 0.4, (2) moderate to strong: 0.4  R2Autoreg< 0.7,
or (3) strong to perfect: 0.7  R2Autoreg  1. To estimate the magnitude of
the seasonality, we found the difference in the maximum and minimum
monthly estimates from the regression.
We also compared patients referred with HLHS in the months with the
highest and lowest rates. To do this, we determined the 2 months during
each year with the highest rates and the 2 with the lowest rates. We then com-
pared demographic characteristics of patients in these 2 groupswithWilcoxon
rank sum tests (continuous covariates) and c2 (categorical covariates).
SAS version 9.1.3 (SAS Institute, Inc, Cary, NC) was used for all anal-
yses with the%DFTEST macro for the Dickey–Fuller test, PROC SPEC-
TRA for Fisher’s Kappa test and the Bartlett Kolmogorov-Smirnov test,
and PROCAUTOREG for the strength andmagnitude estimation. In the au-
toregressionmodels, we usedmaximum likelihood estimates with backward
elimination and a maximum order of 13. Model-based monthly rate esti-
mates were smoothed with a fitted penalized B-spline curve.RESULTS
Frequency Counts
We identified 2763 patients from the PHIS database in 24
children’s hospitals from across the United States spanning
the decade of 1996 to 2006. Of the left-sided congenital
heart diseases, the largest group had a primary diagnosis
of HLHS (n ¼ 1353 or 49%), whereas CoA (n ¼ 962 or
34.8%), IAA (n ¼ 260 or 9.4%), and congenital AS
(n ¼ 188 or 6.8%) were comparatively less prevalent.Demographic Characteristics on First Admission
A greater prevalence of left-sided congenital heart dis-
eases was seen in boys (P¼ .011) (Table 2); the highest dis-
parity between genders was noted for congenital AS
(64.89%; 95% confidence interval of 58.07–71.72) and
HLHS (62.08%; 95% confidence interval of 59.50–
64.67), and the lowest was for IAA (52.69%; 95% confi-
dence interval of 46.62–58.76). Neonatal mortality during
first hospital admission was highest in patients with HLHS
(23.73% of total), followed by congenital AS (11.17%)
and IAA (11.15%), and lowest in those with CoA
(3.12%). Prevalence of the lesions did not vary by race
(Table 2). The mean age at admission was 0 to 1 days for
all groups except CoA, with HLHS having the most
(66.7%) admissions at this age. Approximately equal num-
bers of CoA patients were admitted between 0 and 1 day
(30.3%) and at more than 6 days (37.3%). The birth weight
of the majority (80%–90%) of patients in all groups was
more than 2500 g, with only 10% to 20% weighing 1500
to 2499 g. Gestational age did not differ across the groups
(P¼ .904), but age in days at admission (P<.0001) and birth
weight (P¼ .040) did. HLHS patients tended to be younger,
and IAA patients tended to have lower birth weights.Frequency of Patient Population With Specific
Secondary Diagnoses
Ventricular septal defect was the major secondary diagno-
sis in the majority (88.1%) of patients with IAA (Table 3). Inrdiovascular Surgery c Volume 141, Number 2 433
TABLE 1. ICD-9 diagnosis codes for patient classification
ICD-9 diagnosis codes Diagnosis
747.10 Coarctation of aorta
746.3 Congenital stenosis of aortic valve
746.7 Hypoplastic left heart syndrome
747.11 Interruption of aortic arch
746.81 Subaortic stenosis
746.5 Congenital mitral stenosis
745.11 Double-outlet right ventricle
745.10 Transposition of the great arteries
745.69 Endocardial cushion defects (complete
atrioventricular canal, both balanced and
nonbalanced)
745.4 Ventricular septal defect
746.81 Subaortic stenosis
747.41 Total anomalous pulmonary venous return
747.42 Partial anomalous venous return
753 Kidney anomalies
742 Nervous system anomalies
758.0–758.9 Chromosomal anomalies including gonadal
dysgenesis
748–759 Multiple congenital anomalies
Patient data were extracted based on the International Classification of Disease–ninth
revision (ICD-9) diagnosis codes shown.
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(43.9%) the patients with CoA, in only 23.9%with congen-
ital AS, and in 11.5% with HLHS. Further, in our sample of
subjects, those with congenital lesions such as double-outlet
right ventricle or looping defects accounted for a very small
fraction (0.7%–3%) of all patients. Multiple congenital
anomalies, particularly if 3 or more, are frequently attribut-
able to genetic aberrations and are also associated with chro-
mosomal defects.16 Further analysis of the data, therefore,
was undertaken to determine the potential contribution ofTABLE 2. Demographic characteristics of subjects on first admission
CoA (n ¼ 962) Congenital AS
Sex
Female 378 (39.39) 66 (35
Male 584 (60.71) 122 (64
Disposition
Died 30 (3.12) 21 (11
Other 932 (96.88) 167 (88
Race
Nonhispanic white 228 (24.28) 55 (29
Nonhispanic African American 61 (6.5) 9 (4.8
Hispanic 86 (9.16) 15 (8.1
Asian 3 (0.32) 1 (0.5
Other 561 (59.74) 105 (56
Med[IQR]
Age (d) 3 [1,7] 2 [1,4
Gestational age (wk) 39 [37,40] 38 [36,
Birth weight (g) 3140 [2640,3573] 3175 [2608
Patients (n¼ 2763) were identified from 24 children’s hospitals across the United States (19
show percentages of the total.CoA,Coarctation of the aorta; AS, aortic stenosis;HLHS, hypo
range.
434 The Journal of Thoracic and Cardiovascular Surggenetic and chromosomal aberrations to left-sided congeni-
tal heart diseases (Table 3). Chromosomal anomalies (other
than Turner syndrome) in patients with IAA (11.9%) were
significantly (P< .0001) more prevalent than in patients
with CoA (7.9%) or HLHS (2.1%), based on a pairwise
comparison. In patients with CoA, Turner syndrome and as-
sociated gonadal dysgenesis complexes accounted for nearly
all the chromosomal anomalies and congenital anomalies.
We performed sensitivity analyses to determine whether
the seasonality in the rates was related to methodologic de-
cisions we made. First, we removed all patients with one of
the secondary diagnoses listed in Table 3. Significance on
the statistical tests for seasonal trends remained consistent
with those displayed in Table 4. Additionally, we performed
a second sensitivity analysis by removing the criteria that pa-
tients had to be 10 days of age or younger at admission and
more than 10 days at discharge. Alternatively, we restricted
our population to be less than 6 months of age at admission.
Although rates of the diagnoses increased, the significance
in the seasonal trends did not (data not shown).Seasonal Trends in Birth Month
Spectral analysis was performed to detect seasonality by
determining periodicity over time for the entire cohort. Ac-
cording to the Dickey–Fuller test, the HLHS group was the
only nonstationary (ie, increasing) series (P ¼ .025) and re-
quired differencing. Overall, the upward trend in overall
rates for left-sided congenital heart diseases could be ac-
counted for by increased occurrence or detection of HLHS
and CoA over the 10-year period analyzed.
The white noise test showed a strong periodicity or sea-
sonality (Fisher’s Kappa 15.86; P< .001; and the Bartlett
Kolmogorov–Smirnov value of 0.30; P< .001) for HLHS.(n ¼ 188) HLHS (n ¼ 1353) IAA (n ¼ 260) P
.11) 513 (37.92) 123 (47.31) .011
.89) 840 (62.08) 137 (52.69)
.17) 321 (23.73) 29 (11.15) <.001
.83) 1032 (76.27) 231 (88.85)
.73) 345 (25.98) 80 (31.5) .012
6) 107 (8.06) 17 (6.69)
1) 82 (6.17) 16 (6.3)
4) 8 (0.6) 1 (0.39)
.76) 786 (59.19) 140 (55.12)
] 1 [0,2] 2 [1,4] <.0001
40] 39 [37,40] 38 [37,40] .9042
,3515] 3170 [2787,3490] 3025 [2585,3430] .0402
96–2006). Values for P compare demographic characteristics; numbers in parentheses
plastic left heart syndrome; IAA, interruption of the aortic arch;Med[IQR], interquartile
ery c February 2011
TABLE 3. Frequency of specific secondary diagnoses and chromosomal and congenital anomalies in newborns with left-sided congenital heart
diseases
CoA (n ¼ 962) Congenital AS (n ¼ 188) HLHS (n ¼ 1353) IAA (n ¼ 260) P
Secondary diagnoses
VSD 422 (43.87) 45 (23.94) 156 (11.53) 229 (88.08) < .0001
DORV 0 (0.00) 0 (0.00) 41 (3.03) 9 (3.46) <.001
TGA 0 (0.00) 0 (0.00) 10 (0.74) 4 (1.54) <.001
AV canal 43 (4.47) 1 (0.53) 31 (2.29) 5 (1.92) .002
Chromosomal anomalies
Turner syndrome 55 (5.7) 8 (4.3) 16 (1.2) 2 (0.8) <.0001
Other 76 (7.9) 1 (0.5) 29 (2.1) 31 (11.9)
None 831 (86.4) 179 (95.2) 1308 (96.7) 227 (87.3)
Congenital anomalies*
0 anomalies 707 (73.49) 163 (86.7) 1128 (83.37) 186 (71.54) <.0001
1 anomaly 160 (16.63) 14 (7.45) 138 (10.2) 50 (19.23)
2þanomalies 95 (9.88) 11 (5.85) 87 (6.43) 24 (9.23)
An increased incidence of anomalies is associated with IAA, the left-sided congenital heart disease analyzed known to be due to a genetic defect. P¼ differences between between
secondary diagnosis or groups; numbers in parentheses show percentages of the total.CoA,Coarctation of the aorta; AS, aortic stenosis;HLHS, hypoplastic left heart syndrome; IAA,
interruption of the aortic arch; VSD, ventricular septal defect; DORV, double-outlet right ventricle; TGA, transposition of the great arteries; AV canal, atrioventricular canal. *In
addition to underlying cardiac anomaly.
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the summer months. In contrast, congenital AS or IAA did
not display the same periodicity and had weak results on
Fisher’s Kappa (P ¼ .156 and .413, respectively). Patients
with CoA had slight evidence of seasonality with predomi-
nant birth months being April and May. Model-based
monthly estimates for the rates of each diagnosis are pre-
sented in Figure 1.
We determined whether the seasonality pattern for HLHS
was confounded by variables such as gender, race, birth
weight, and gestational age by comparing these demograph-
ics in peak and trough months (Table 5). No statistically sig-
nificant differences were found in the characteristics
compared. As well, we performed a sensitivity analysis to
see whether any secondary diagnosis contributed to the sea-
sonality pattern; there was none (data not shown).
Further statistical tests of seasonality for birth month were
applied to the data (Table 4). Fisher’s Kappa test of the null
hypothesis showed that the series is gaussian white noise,
with the alternative hypothesis being that the series has a pe-
riodic component. The Barlett Kolmogorov–Smirnov test
compared the normalized cumulative periodogram with
the cumulative distribution function of the uniform and
tested the null hypothesis that the series is white noise.
With both tests, statistical significance of seasonality
(P< .0001) was found only with HLHS.
Finally, the R2Autoreg value indicated moderate to strong
strength of seasonality for HLHS (¼0.4575) compared
with weak strengths for other left-sided congenital heart dis-
eases (<0.4). Furthermore, the peaks (monthly maximum)
for HLHS were estimated to be in the summer (June) with
troughs in the winter (January). Although small differences
(between maximum and minimum values) were seen forThe Journal of Thoracic and Caother left-sided congenital heart diseases, the magnitude of
seasonal differences per 100,000 births was greatest for
HLHS.
DISCUSSION
The present study is the largest epidemiologic study of
HLHS patients (n ¼ 1353) reported. The population ana-
lyzed represents a relatively contemporaneous group from
a diverse geographic distribution across the United States.
Previously, the largest study of HLHS conducted was by Sif-
fel, Alverson, and Correa,13 who analyzed 233 HLHS pa-
tients (10 HLHS patients a year) in 5 counties of
Atlanta, from 1978 to 2001.
The most significant finding of our study was the prepon-
derant presentation of HLHS index cases in summer months
during a 10-year period. This was in contrast for the overall
random pattern of other left-sided congenital heart diseases.
Siffel, Alverson, and Correa13 reported an absence of any
seasonality for HLHS when looking at the 1978 to 2001 pe-
riod overall. They noted, however, that when they limited
their analysis to the 1995 to 2001 era, there was significant
evidence of seasonality in HLHS. They attributed this dis-
crepancy in part to the limitations of seasonality studies
that do not use the more rigorous statistical tools such as
time–series analysis,15,17,18 used in our analysis. However,
the difference in era effects may have been secondary to
poor survival and limited prenatal detection of HLHS
infants in the 1970s and 1980s, leading to relatively
smaller numbers of these cases in the earlier period.
Indeed, nearly all prior epidemiologic studies of left-sided
congenital heart diseases, and HLHS in particular, have
been from an earlier era when HLHS survival outcomes
were still less than optimal.4,11 In particular, ascertainmentrdiovascular Surgery c Volume 141, Number 2 435
FIGURE 1. Seasonal trends in birth months (1996–2006). Model-based monthly estimates for the rates per 100,000 births for HLHS, CoA, congenital AS
and IAA. The data show a seasonal trend in the occurrence of HLHS and CoA, but not in congenital AS or IAA.HLHS,Hypoplastic left heart syndrome;CoA,
coarctation of the aorta; AS, aortic stenosis; IAA, interrupted aortic arch.
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detect the sinusoidal pattern in all seasonal diseases, one
must obtain a large enough sample size to allow separation
of the signal from background noise.
Our data are in concordance with overall prevalence
rates for left-sided congenital heart diseases in populations
from different geographic locations and time periods.11,12
Of note, the demographic characteristics, secondary
diagnoses, and outcome measures of mortality were
consistent with prior reports1,2,11,20 highlighting the
likelihood of our study population being representative of
other HLHS populations. Although single-institution reports
indicate improving mortality outcomes for newborns withTABLE 4. Statistical tests for seasonality of left-sided congenital heart dis
CoA (n ¼ 962) Congenita
Fisher’s Kappa 5.67 (.161) 5.7
Bartlett 0.12 (.394) 0.0
R2Autoreg 0.2919 0
Monthly minimum estimate 1.26 (Jun) 0.2
Monthly maximum estimate 2.51 (Apr) 0.7
Magnitude 1.25
The values for Fisher’s Kappa and the Bartlett Kolmogorov–Smirnov statistical tests are sh
strong seasonality. CoA, Coarctation of the aorta; AS, aortic stenosis; HLHS, hypoplastic le
436 The Journal of Thoracic and Cardiovascular SurgHLHS,21 our mortality data are similar to those from other
multi-institutional studies.22 We confirmed a greater preva-
lence in boys for all the left-sided congenital heart diseases
analyzed except IAA. This was first demonstrated in the Bal-
timore–Washington Infant Study19 and subsequently by
others.2,4,10 The reason for this gender predilection is
unknown. Besides gender, epidemiologic studies show
that certain individuals are more susceptible to left-sided
congenital heart diseases than others. For example, the Bal-
timore–Washington Infant Study first demonstrated a higher
prevalence of HLHS among whites, a finding confirmed by
our study and others, including the California Birth Defects
Monitoring Program11 and the Texas Birth Defectseases
l AS (n ¼ 188) HLHS (n ¼ 1353) IAA (n ¼ 260)
2 (.156) 15.86 (<.001) 4.69 (.413)
8 (.821) 0.30 (<.001) 0.12 (.325)
.1508 0.4575 0.1116
3 (Feb) 1.61 (Jan) 0.41 (Oct)
1 (Nov) 2.87 (Jul) 0.83 (Oct)
0.48 1.26 0.420
own with P values in parenthesis. The R2Autoreg value for HLHS indicates moderate to
ft heart syndrome; IAA, interruption of the aortic arch.
ery c February 2011
TABLE 5. Comparison of HLHS patients born in the 2 highest and the
2 lowest incidence months of each year
Highest
months N (%)
(n ¼ 608)
Lowest
months N (%)
(n ¼ 427) P
Sex
Female 243 (40.0) 174 (40.8) .801
Male 365 (60.0) 253 (59.3)
Disposition
Died 109 (17.9) 51 (11.9) .009
Other 499 (82.1) 376 (88.1)
Race
Nonhispanic white 297 (52.7) 203 (50.4) .620
Nonhispanic African
American
58 (10.3) 49 (12.2)
Hispanic 66 (11.7) 57 (14.1)
Asian 6 (1.1) 5 (1.2)
Other 137 (24.3) 89 (22.1)
Birth weight
(g): Med[IQR]
3040 [2700,3420] 3025 [2585,3430] .0408
Age (d) Med[IQR] 1 [0.5] 1 [0,4] .821
Gestational age (d):
Med[IQR]
39 [37,40] 38 [37,40] .171
There were no significant differences in the prevalence of HLHS compared with the
demographic parameters shown. HLHS, Hypoplastic left heart syndrome; IQR, inter-
quartile range.
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ups may influence the predisposition to left-sided congenital
heart diseases.
Several etiologic factors have been implicated in the path-
ogenesis of left-sided congenital heart diseases such as
HLHS, although a genetic mechanism has garnered the
greatest interest.23 This conclusion is mainly based on heri-
tability estimations, which can, however, have significant
limitations that can be magnified if based on inclusion crite-
ria and definition(s) of congenital heart defects (eg, is a di-
lated aortic root a congenital anomaly or secondary
phenotype in an affected adult?). Importantly, this bias has
driven the search for candidate genes to a limited set derived
from primary cardiac developmental genes. Studies such as
ours5,24 suggest that alternative genetic predispositions to
perhaps environmental factors may also play a part.
Unexplained geographic differences have been noted for
both HLHS and CoA. A follow-up study of the Balti-
more–Washington Infant Study reported HLHS cases occur-
ring as clusters within certain ZIP codes within Maryland,
which were unaccounted for based on family history of car-
diac malformations.25 Other reports of ‘‘clustering’’ of
HLHS cases and evidence of association of maternal symp-
toms of upper respiratory infection and fever during early
pregnancy, with an increase in HLHS,9 also suggest poten-
tial environmental etiologic factors that could give rise to
these ‘‘clusters’’ of HLHS. Clearly, HLHS is a syndrome
with a heterogeneic phenotypic pattern and likely heteroge-
neic etiologies. Other suggested etiologies for the pathogen-The Journal of Thoracic and Caesis of HLHS include any restriction of inflow early in
gestation, primary AS or left ventricular dysfunction leading
to defective left ventricular performance, and fusion of aortic
valve cusps. The mechanisms leading to these events (eg,
developing aortic or mitral stenosis) have not been defined.
It is of interest that we found no evidence of seasonality
among patients with congenital AS. Several case series
show that fetal AS can evolve into HLHS, although there
are also reports of HLHS being diagnosed in fetuses without
the interval AS. It is conceivable that only certain ‘‘subsets’’
of congenital AS, that is, those that are precursor lesions to
HLHS, follow a seasonal pattern. Our data cannot distin-
guish those possibilities. Interestingly, we did not find any
evidence of seasonality for IAA, which is associated with
chromosome 22q11 deletion in at least 50% of the patients.
As well, IAA infants showed no strong evidence of gender
predilection.
The importance of seasonality in the manifestation of cer-
tain diseases is gaining considerable interest. Seasonal oc-
currence of croup, asthma, and pneumonia has yielded
information regarding their etiology, management, and pre-
vention strategies (eg, influenza viruses or air pollution, re-
spectively). Similarly, the strong birth prevalence of
HLHS index cases during summer months would suggest
that the putative environmental factor, if there is one, is
most prevalent during the fall and winter months. This con-
clusion is based on the assumption of an 8-to 9-month ges-
tation, inasmuch as most HLHS babies are born at or close to
term. We have previously proposed a hypothesis to account
for one possible environmental factor,6 although a number
of other possibilities could be contemplated.
An inherent limitation of our retrospective study, which is
dependent on a large database such as the PHIS, is the reli-
ance for validity of the data as submitted by the different rep-
resentative hospitals. For example, if a patient simply had
a diagnosis of CoA and no reference or identification was
made of a ‘‘minor’’ degree of AS, then the diagnosis is in-
correctly classified as CoA. Ideally, the original echocardio-
gram(s) should be consulted for diagnostic validity. There is
no reason to believe, however, that any selective diagnosis
of one primary lesion versus others would have been system-
atically made. Missing data and coding errors are other lim-
itations of databases such as PHIS, and although we audited
all the data fields blinded to date of birth, it is possible there
has been some misclassification of cases of HLHS, and pos-
sibly other lesions, using ICD-9 diagnoses. Moreover, any
study of cardiovascular malformations in a population
should ideally include all affected babies and pregnancies,
including those ending in spontaneous abortion, termina-
tion, or stillbirth. There is evidence of a high prevalence of
cardiovascular malformations in stillbirths, but reliable as-
certainment is difficult to obtain. Our study, which includes
only live births, could therefore miss such affected babies,
and one might expect that more severe lesions (eg, HLHS)rdiovascular Surgery c Volume 141, Number 2 437
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lesions (eg, CoA or mild congenital AS) from that perspec-
tive. Unless such hidden mortality occurred selectively (ie,
in certain months), our data would only be further strength-
ened with complete ascertainment. A further bias of our
study, as noted in the Methods section, is that the database
analyzed is limited to hospitals that make up the PHIS,
that is, mainly tertiary care centers. Finally, a significant lim-
itation of a study such as this is the limited ability to hold the
‘‘magnifying lens’’ on the diagnosis: HLHS is a syndrome
in part because various anatomic subtypes can be classified
as such. Therefore, we cannot assess the potential anatomic
subtype(s) that make up the observed peaks. In future, per-
haps other studies could elucidate this matter.CONCLUSIONS
An analysis of left-sided congenital heart diseases from
a large multi-institutional database over a 10-year period
shows significant seasonality in babies born with HLHS
with peak births in summer months. Our data show an over-
all increase in the prevalence of both HLHS and CoA in the
United States. These findings could bear significant implica-
tions for etiologic mechanisms and warrant further study.References
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